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Art. III. — Mining Schools in the United States. 

In the year 1714 the English Parliament offered the sum of 
twenty thousand pounds to the discoverer of any means by 
which the captain of a ship at sea could determine his position 
on the ocean within thirty miles. Not even this shining re- 
ward — the greatest, perhaps, ever offered for a scientific dis- 
covery, and at that time a fortune in itself — could effect the 
object. A method was proposed, but the committee to which 
it was referred declared that no astronomical tables existed of 
sufficient correctness to make it of any value. With the best 
data the world then possessed, the error might be as great as 
nine hundred miles ; * and to bring it down even to two hun- 
dred miles, an extensive series of new observations of the 
heavenly bodies must be undertaken. Charles II., to whom 
the report was made, is said to have exclaimed on reading the 
letter, " But I must have them observed " ; and he thereupon 
founded the Observatory at Greenwich, an institution to which 
every nation that has a marine owes an incalculable debt for 
the commercial prosperity it enjoys, and upon which the sailor 
in every clime depends for the safety and certainty with which 
he traverses the ocean. From thirty per cent per voyage — the 
rate of insurance when Greece was in her glory — to the three 
and five per cent which is now current, the decrease of the ex- 
penses of commerce has kept perfect time with the march of scien- 
tific investigation and the founding of seats of scientific learning. 

Commissioner Ross Browne, in his report on our Western 
mines, says that experienced investors in mining property will 
not pay for a mine more than two and a half times its yearly 
profit. That is to say, they do not consider it a safe invest- 
ment unless it returns forty per cent upon its cost. The 
reason of this is plain. With no means of educating miners to 
their work, the conduct of mines in this country is a lamenta- 
ble story of mismanagement, energy wrongly directed, and 
consequent great losses. The thousand millions of gold dollars 
that have been won from the ground in California are but an 

* Dr. F. A. P. Barnard, LL. D., F. S., T. D., in his Letter to the Board of 
Trustees of the University of Mississippi, 1858. 
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inadequate representation of the real wealth that existed there. 
Observers have estimated the losses which were at first caused 
by ignorant and hasty methods of working at tivo thirds of the 
gold really at hand, and none have put them at less than one 
half. A better state of affairs has gradually grown up, but the 
losses to this day are very much larger than they should be. 
In California, however, the work has been easy to that called 
for by more difficult ores in Nevada, Montana, and Colorado ; 
and if an investigation could be had of the exact proportion of 
precious metal saved to the quantity in the ore, the story would 
be astonishing even to scientific men. Without careful proof 
it is impossible to make men believe the reports of the few com- 
petent observers who have been there, so apparently incredible 
are the results of recklessness and want of knowledge. It was 
difficult to introduce even the thinnest entering-wedge of com- 
mon sense into this hard prejudice against skill and study. For 
a long time the miners refused all help from schools or scholars ; 
but the experience of continual trouble with their ores, and the 
gradually developed fact that they often lost more than they 
gained, has worked a complete revolution and a beginning 
having been made in New York in 1864, a number of schools 
of mines, more or less praiseworthy, have been founded in 
various parts of the United States. In Europe schools of this 
kind are among the oldest institutions of advanced learning, 
and our educators naturally look to them as the models upon 
which our own constructions must be shaped. It is proposed 
in this paper to point out their peculiarities, and to discuss the 
requirements of similar schools in this country. 

Like all other educational institutions, schools of mines in 
Europe form part of the system of government ; but unlike the 
others, their officers, instead of belonging to the department of 
education, are connected with that of mines. That is to say, 
schools of this class are regarded as investments which are 
necessary to make mining either profitable or possible. To the 
knowledge of which they are the source the mines of Europe 
are indebted for their ability to work low-grade ores ; and were 
that knowledge to be now eliminated and the world thrown 
back to its resources of a century ago, hundreds of mines 
would have to be given up, and bread would be taken from a 
hundred thousand mouths. 
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Three kinds of schools are found, — primary, middle, and 
high schools or academies. The lower schools are among the 
most peculiar and interesting institutions for education in the 
world. Wherever there are government mining works of im- 
portance, and in some of the great private works schools are 
established for teaching workmen of a certain grade the secrets 
of their calling. They are called in Germany Bergschiile, 
in contradistinction to the high-grade schools, which always 
bear the name Bergalcademie . The teachers employed in 
them are the officers of the works, who usually devote two 
hours two or three days in each week to giving plain but 
strictly scientific explanations of the operations which go on in 
the furnaces, and of methods of attack in the mine. 

The nature of the studies naturally depends upon the occu- 
pation of the scholar. Those who work in the mines receive 
instruction in mining alone ; and this instruction, instead of 
being general and intended to fit the learner for the practice of 
all kinds of mining, is altogether special, and confined pretty 
closely to work in mines of the kind in which he is employed. 

So, too, in the metallurgical department, the instructor 
makes no effort to lay down a full course of metallurgy, but 
aims to make his hearers understand the furnaces at which 
they daily labor, the nature of the chemical changes produced, 
the method of dealing with accidents, exact details of con- 
struction, and the like. Thus, instead of being eclectic and 
scientific, the instruction is confined to imparting the tradi- 
tions of the particular establishment to which the school is 
attached. In this system we have one cause of that remarkable 
conservation of distinct methods of treatment which, until late 
years, has been so great a hindrance to German metallurgy, 
and has prevented the study and adoption in one quarter of 
improvements made in another. 

Still, the information gained in these places is a great ad- 
vance on ignorance, pure and simple ; and these schools are as 
much above nothingness as the Bergakademien, the centres of 
science and research, are above them. The listeners to these 
lectures are men who, having had in their youth the minimum 
of education required by law, have, in a long course of severe 
manual labor, lost almost all trace of what little scientific or 
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general information they ever gained. It is a long ladder by 
which a man climbs up to a position in which he has the right 
to attend these lectures. Entering a metallurgical work, a 
young man first spends two or three years in wheeling slag to 
the waste-heap ; then as much more time at each of the fol- 
lowing steps : wheeling ore to the mixing-bed, shovelling ore 
into the weighing-bucket, weighing ore, throwing ore into the 
furnace. Here his progress is slower, and he may remain at 
the last employment five or ten years. Finally he becomes 
smelter or tapper of the furnace. The uneducated man can 
rise no higher. The educated man spends much less time at 
eacli of these grades, but go through them he must. He 
usually spends two or three years in all at the practical work, 
and then performs clerical duties in the office. Rising higher 
and higher, he may in time become director of a smelting 
establishment or a mining district. The director of the world- 
famous mines around Clausthal, Andreasberg, and Altenau, in 
the Upper Harz Mountains, is an instance. He was a picker of 
ore in his boyhood. Plattner, a thorough chemist, founder of 
the analysis with the blowpipe, and an elegant as well as 
scientific writer on chemistry, began in the same way. 

Schools of this primary class are composed of the educated 
and uneducated men, who have been fellow-workmen in the 
same mine, at the same furnace ; but the former sit in the ros- 
trum, the latter on the benches. The classes are composed of 
men who have spent fifteen to twenty-five years in the most 
trying manual labor. The refinements of science, if explained 
to them, would fall on dull ears. But they have been familiar 
all their lives with certain phenomena of the bowels of the 
earth, or others of intensely heated furnaces, and these things 
they are both interested in and can learn about. A simple 
course in the rudiments of chemistry, physics, machines, and 
mining engineering, with more careful explanations of that 
particiriar portion of these arts which comes under their own 
observation, teaches them to go about their work understand- 
ingly, and to lay aside that vague fear, which the untaught often 
have in the presence of great and, to them, mysterious opera- 
tions of nature or of art. It adds also greatly to their effi- 
ciency as workmen, and their safety in circumstances of danger. 

vol. cxii. — no. 230. 5 
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In these remarks on this lowest grade of mining schools, we 
desire to be far from underrating the value and ability of the 
lecturers. In small and obscure mountain towns men are 
found who, in the midst of incessant physical and administra- 
tive labor, have kept up with the march of science, and taken 
care not only to make the latest truths of science known to 
their hearers, but also to apply them in the conduct of the 
works in their charge. Applied science owes to them some of 
the most remarkable discoveries that have been made ; and they 
may fairly be said to have done more than their brethren of 
the closet in developing arts, which besides a knowledge of 
science in its theory require also a minute conversance with its 
practice. Von Born, Augustin, and Ziervogel, whose labors in 
one branch of metallurgy — that of the extraction of silver — 
were so valuable, were all directors of works. 

The next grade of school is one where young men, the sons 
of miners or smelters, and who may or may not have been em- 
ployed in their boyhood in the works, obtain a higher kind 
of instruction. They are not, as are the learners in the lower 
school, mere workmen, but may rise to any height, though 
their future is usually that of overseers or directors of small 
works. These institutions are still called Bergschiile ; but the 
student spends all his time at study, is instructed in general 
mineralogy, metallurgy, chemistry, etc. Indeed, his own abil- 
ities are the only boundary to his advance. Often the successful 
student wins the prize of a year or two at an Akademie, and 
has the advantage of a thorough scientific education. 

These two varieties of schools are united as at Eisleben and 
Halle in Prussia, Chemnitz in Hungary, Pribram in Bohemia, 
etc. ; or only the first kind is found, as at Agordo in Italy, 
Waldenberg in Silesia, and many other places. Finally, one or 
both will be found united with a great Bergakademie, as at 
Freiberg and at Clausthal. Russia, where everything is sup- 
posed to be perfect in system, has one Bergakademie, ten first- 
class and a hundred second-class Bergschiile. Prussia has 
two Akademien, two first-class and ten second-class Schiile. 
The other states of Europe have also taken similar care to 
educate their miners of all grades. 

Of the mining academies four may be considered as of 
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first rank. They are those of Paris, Freiberg in Saxony, 
Berlin, and St. Petersburg. Austria, though far from lacking 
in good schools, has none of this grade, for a reason which will 
be given further on. These institutions, though working in the 
same field and giving instruction on the same subjects, are 
very different in their scope. Perhaps there is no kind of 
school which takes its hue so decidedly from its teachers as 
schools of applied science, partly because they are fewer in 
number, more isolated, and therefore in closer rivalry, and 
partly because the field of instruction being much smaller, a man 
possessed of unusual powers will give a much more decided 
cast to the studies pursued than can be the case in other 
schools. Among living examples of this we see F,reiberg cele- 
brated for its course of blowpipe analysis under Richter, who 
follows Plattner, the founder of blowpiping as a science. 
Weisbach, in charge of machines and surveying at the same 
school, and Kerl, professor of metallurgy at Berlin, also give to 
these places a decided character which often governs the choice 
of a student. 

But schools have also their national characteristics, or owe 
their peculiar cast to the character of their founder or the ob- 
ject of their foundation. The school at Paris is very mathe- 
matical and scientific, following in this the character of mod- 
ern French scientific study ; Freiberg, having some of the 
most celebrated mines and smelting-works in the world at its 
doors, is very practical ; St. Petersburg is very practical, though 
situated in a morass and with no mines within hundreds of 
miles, and it is perhaps as scientific as Paris. The character 
this school has taken accords with the genius of Peter the 
Great, impressed upon all enterprises in Russia. He admired 
the achievements of science, and had experienced the benefits 
of practice in his own person. The Russian school combines 
thorough scientific training with what may be called object- 
teaching of the highest class. Within the precincts of the 
school is a very interesting model of a mine, dug in the mud 
of St. Petersburg, and furnished with galleries, shafts, systems 
of ventilation, and all the paraphernalia of regular mining. 

The chief peculiarity of the French school is its eclectic 
breadth of instruction. Besides the ordinary subjects of study, 
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the scheme there embraces, under the head of machines, such 
minutiae of construction that the graduates are fitted to de- 
sign machines of the greatest variety, whether for use in mines 
or not ; and under chemistry, agricultural chemistry is taught. 
The reason of this is that France turns out every twelvemonth 
more engineers than she can employ in ten years, and in that 
country graduates of 1860 and earlier years still come to the 
offices of public works, railways, and mines, and beg for work 
at a thousand, five hundred francs a year, anything, in short, 
for the sake of employment. These men are not of second- 
rate ability. Their difficulty is that France has not enough 
mines nor works of any sort to employ a tenth of the young 
men who want to become engineers. Naturally enough, the 
schools are obliged to adopt a system of instruction so varied 
that their graduates shall be fitted for work of any kind. But 
this mingling of studies is not to be recommended in countries 
where larger opportunities are offered to the engineer. 

French engineers, however, have an excellent reputation 
and find employment in all countries of the Continent, Ger- 
many, perhaps, excepted. The basis of their superior training, 
besides the excellent system of instruction, is in their thorough 
knowledge of mathematics, a study which is laid more at the 
foundation of engineering studies in France than anywhere 
else, unless St. Petersburg is to be excepted. As before said, 
the Paris school is par excellence scientific. It has neither 
mines nor smelting-works ready at its hand, but this disadvan- 
tage is partly neutralized by a yearly government grant to 
enable a certain number of students to visit works in other 
countries. To such travels of the more distinguished scholars 
of Paris the world is indebted for a great part of its written 
metallurgy. The collections in this school are also very fine, 
among the best in the world. 

At Freiberg the distinguishing feature is the opportunity for 
practice offered by the mines and smelting-works. The ground 
upon which the Saxon mining town stands is pierced by so 
many shafts and galleries, that their united length is said to be 
more than five hundred English miles. They yield ore of the 
greatest variety. Lead, silver, and copper are the principal 
products of the works ; but the whole number of these is said 
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to be thirteen. Besides those just mentioned, there are gold, 
bismuth, zinc, arsenic, realgar, sulphuric acid, blue vitriol, and 
others. The works in which these numerous operations are 
carried on have always been celebrated as well for the energy 
exhibited in studying new methods, as for their commercial im- 
portance. Freiberg has given its name to the best method of 
amalgamating silver ores, to numerous discoveries in smelting, 
to the Gerstenhofer, the Pilz, and other furnaces, — inventions 
which have altered the methods of working ores over the whole 
world. In former times the profit from these mines was very 
great. Freiberg was the royal city of Saxony, had the court, 
began a cathedral (of which one fine doorway now shows the 
promised glories) , and contained sixty thousand inhabitants. At 
present its mines, though largely worked, yield but little profit, 
and its celebrity is due more to its school than to anything 
else. That has always maintained an excellent reputation, 
and its professors are and have been among the most famous 
men in science. 

The students have the advantage of practice in the mines, 
ore-dressing works, and smelting establishment, and, with the 
exception of the second of these, the practical advantages offered 
by Freiberg are greater than in any other school. One other 
thing distinguishes this academy above every other, and that 
is its course in blowpipe analysis, — a most important subject, 
absolutely necessary to the engineer, but one which is singu- 
larly neglected in other European schools. Besides this, sur- 
veying, machines, assaying, and the theory of fuels are among 
the best treated subjects. Freiberg, more than any of its 
rivals, is supported by foreigners, partly because the fees re- 
quired are upon a higher scale than elsewhere, and partly 
because it is a greater favorite among students.* 

* The following is a list of fees for the principal studies. These fees, it should 
be mentioned, are the property of the professors, whose incomes arc usually made 
up of a small fixed salary as professor, a salary as inspector, adviser, etc., in the 
works, and fees. These prices are given in thalers, worth 72 cents in gold, and the 
fee covers the course for six months : — 

Mathematics, first course 20 thalers. 

Mathematics, second course 20 " 

Descriptive geometry ........ 20 " 

General elementary mechanics 20 " 
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The school at Berlin is a transplantation of that at Clausthal 
in the Harz Mountains. Though the latter has not been given 
up, it has lost the professors whose labors had made it famous. 
Others, however, have replaced them, and the school, though 
its prestige has gone, is perhaps as good as ever. Dr. Von 
Groddeck, its director, is an able and industrious man, a good 

Elementary mining mechanics 18 thalers. 

Machines, first course 10 " 

Machines, second course (construction) 20 " 

Theoretical surveying 15 " 

Practical " 20 '* 

Theoretical chemistry 20 " 

Practical " 25 " 

Analytical " 30 " 

Melallurgy, general ........ 20 " 

Metallurgy of iron 10 " 

Dry assaying 30 " 

Wet " 15 " 

Blowpipe analysis 20 " 

Mineralogy ......... 25 " 

Mineralogical practice 12 " 

Crystallography 6 " 

Physics 16 " 

Geognosy 20 " 

Lithology 12 " 

Theory of veins 10 " 

Practice in Petrography and Lithology 8 " 

Mining, first course 20 " 

Mining, second course 20 " 

Mining laws ......... 15 " 

Book-keeping 10 " 

Drawing .......... 15 " 

Besides these sums there are smaller ones to be paid for the use of chemicals, 
instruments, etc. The school expenses of a student are perhaps about one hundred 
thalers a year, some paying half and some nearly double that sum. Twelve hun- 
dred thalers a year, or eight hundred and sixty-four dollars in gold, is the average 
expense of a student in Freiberg. 

The idea of self-support does not enter into the plan of European schools of mines, 
which are founded for the benefit of the mining service. On the contrary, natives 
of the state receive compensation during their term of study on condition of en- 
tering the public service. Since the growth of the mining interest in America, 
however, and the presence of great numbers of our young men at foreign schools, 
the pay exacted from foreigners has become of great importance to some of them. 
At a time when the academy at Freiberg contained nearly two hundred students, 
not one quarter of these were Saxons intending to enter the state service. From 
forty-five to fifty were from the United States, and this fourth part of the students 
probably paid at least one half the fees received by the professors. 
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instructor, and a scientific student. Among the men who were 
transferred to Berlin is Kerl, the professor of metallurgy and 
author of the standard handbook on that subject. This school 
also has the services of Gustav Rose, Rammelsberg, and other 
men, leaders and even founders in part of the sciences they 
have taken up. It was founded many years ago, but has only 
lately begun to have its present almost exclusive importance in 
North Germany. It is the only school of the highest class 
connected with an institute, all the others being independent 
foundations. 

Although Austria has no one school where the sciences of 
mining and metallurgy are taught in all their length and breadth, 
its instruction is, nevertheless, of the best kind, but divided 
among three schools, each of which has its especial field of 
operations. To the Empress Maria Theresa of Austria be- 
longs the honor of founding the first academy of mines, which 
was established at Chemnitz in Hungary in 1760. At that 
early day the idea of practical training, in preference to strictly 
scientific, was uppermost. At Chemnitz the mines produce gold, 
silver, and lead ores, with all their complications, requiring the 
knowledge and practice of every device of metallurgy ; and 
that school is therefore the metallurgical one of the three. 
Leoben, in Styria, is situated in the midst of the Austrian iron 
region, and therefore the school for the study of iron-working 
is situated there. At its head is Tunner, the best authority on 
scientific iron-working on the Continent. Pribram, in Bohemia, 
has very large and old mines, and within the last twenty-five 
years has been the field of operations of Rittinger, undoubtedly 
the foremost student in the art of dressing ores, and one of the 
most scientific of inventors. Pribram is his workshop, con- 
taining a greater variety of machines than any other similar 
work in the world. At the school situated here mining and 
ore-dressing are therefore the principal studies. To the en- 
gineer who selects mining, per se, as his exclusive occupation, 
the shops at Pribram are, perhaps, the most interesting point 
in Europe. 

This system, formerly so esteemed, of planting the school 
close to the mine, and restricting its scientific character to a 
close correspondence with the opportunities for practical expe- 
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rience, is now going out of favor. Of the four principal acade- 
mies in Europe, I have already shown that three are situated 
far from mines. Paris and St. Petersburg are so far from the 
mining-field that " practical courses " are impossible. Berlin 
has the advantage of the Clausthal mines for the training of her 
students in the summer months. The additional advantages 
offered by a great social and scientific centre make the situa- 
tion of this school perhaps the best of any in Europe. The 
Austrian government, following the desire of all its engineers, 
is now considering a scheme for the union of its three schools 
in one academy of the first class. Austrian engineers have 
found themselves hampered in their practice by the too exclu- 
sive direction of their early studies to one separate division of 
a subject, which, however comprehensive, is still homogeneous. 
In point of fact, nothing could be more unfortunate than this 
seclusion of a school in a mining town. The studies should 
necessarily give a fair importance to each branch of the sub- 
ject ; and this cannot be done if the attention and observation 
of the students is concentrated on only one class of mines. A 
school situated over a mine does not turn out mining engineers 
in general, but coal, iron, lead, or copper workers, as the case 
may be. When undue importance is given to one metal or ore, 
the rest suffer ; and no good school can find illustrations of a 
full course in one region. Wherever it is it will be separated 
from the practice of the greater part of the subject, and there- 
fore location defeats the very purpose of its existence. On the 
other hand, it was reported a year or two ago in Freiberg, — 
on what authority it was not stated, — that a commission, sent 
by the Berlin government to ascertain the best seat for a great 
school of mines for the North German Union, had reported in 
favor of that place. This step, if made, would be in violation 
of the lessons of European experience ; and even if this re- 
port is true, it is still doubtful whether such a concentration of 
schools will ever take place. The University of Berlin would 
be loath to abandon so excellent a member as its Bergaka- 
demie, and the Prussian government is too anxious to see Ber- 
lin a " Weltstadt " to suffer one of its most important institu- 
tions to be dismembered. 

Although for the number, present value, and future promise 
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of its mines, America may be called distinctively the mining 
country of the world, it was not until 1864 that we severed the 
bonds of our dependence upon Europe in the matter of instruc- 
tion. Up to that time we sent otir young men abroad for their 
technical education ; and on their return they brought home, 
not only men to work in the mines, and the sectional prejudices 
which hamper foreign schools of mines, but too often antiquat- 
ed ideas of management as well, too cumbrous for use in the 
American field. They copied the faults of foreign engineers ; 
and it is safe to say that foreigners do not succeed in our mines. 
A German who has no knowledge of mining may succeed as 
well, after living here long enough to imbibe a portion of Amer- 
ican adaptability and pluck, as an American who also knows 
nothing about it. But, paradoxical as it may appear, it is still 
true that a foreigner, who has studied at home, and is quite 
ready to enter an establishment there and pursue the regular 
round of promotion with good reputation and even distinction, 
will be much more likely to make a failure here than his uned- 
ucated brother who has been long enough in the country to 
learn American ways of working. In this remark I broach no 
new theory, but give the general opinion of miners in the West. 
A few foreigners have distinguished themselves there ; but 
an experienced miner will often prefer to trust a tyro born in 
America rather than a foreigner fresh from home and with all 
his knowledge new. And the reason of this, instead- of being 
an argument against mining schools, is an argument for them, 
but for schools in the right place. 

There is an inherent difference in the pure and the applied 
sciences, in that while the rules of the former are forever true 
and unchanging, the same in Europe and in America, and in 
India or Patagonia as well, the latter, by the very fact of their 
application to given circumstances, and to requirements of 
fixed conditions, have no immutable laws, exc3pt such as they 
borrow from the pure sciences. The laws of chemistry are 
fixed the world over ; but operations in the industrial arts that 
succeed perfectly in England or America fail in India. Nor is 
distance a necessary element in this diversity. Meteorological 
differences, obscure variations in material, and the like, seri- 
ously affect the operations carried on at no great distance 
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apart. In nothing is the diversity of nature more apparent 
than in the composition of the earth. The life of the mining 
engineer is spent in applying the principles of science to this 
immensely varied mass. Mines are not only very variable 
among themselves, but the same mine diners in its height and 
its depth, in its length and its breadth. By the very nature of 
things, the engineer must know what differences of treatment 
the components of this mass require. This can certainly be 
ascertained as well by the foreigner as by the native. But in 
addition to these purely scientific questions are others more 
embarrassing yet. There is the eternal question of profit, with 
its complications of wages, prices of material, transportation, 
etc., and often political and national characteristics, which 
must be understood as well. It is in this latter part of an 
engineer's requirements that the foreigner fails ; and the 
greater his experience abroad the more likely is he to fail here. 
For mining engineering, in which term I include metallurgy 
and all the branches of knowledge which the conduct of mines 
and smel ting-works demands, is not merely a special applica- 
tion of science to industry, but it is in each case a special 
selection of some branch of a great subject. A science that 
requires such strict devotion requires, too, particular instruction. 
Even in the beginning the student finds it advantageous to 
select his particular field of labor, and apply his best powers to 
its study. 

In Europe this is true in a much higher degree. Schools 
there owed their foundation to the desire of perpetuating a race 
of men who understood, not the laws of science, but the 
technicalities of the particular mine or works with which the 
school was connected. For the mining schools of the lowest 
grade were founded almost before there was any science, and 
when instruction was altogether practical. They have them- 
selves been the cradles of science and research. 

Much of this methodical adherence to tradition is still re- 
tained, not so much in the schools as in the works where the 
engineer always finishes his studies with two or three years' 
practice. In the first steps of his instruction he begins by 
wheeling a barrowful of ore ; but not a step may he stir until 
his thumbs are in the true traditional position, where the 
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thumbs of all miners who had gone before had rested. From 
the beginning his drill is like the drill of the soldier. He doe8 
everything by a fixed method, which has in it no inherent rea- 
son for being used in all places and at all times. 

This cannot be done in America, and the man who has 
learned to rely upon fixed rules in small things, and have men 
about him who are accustomed to one way and one method, 
finds himself unable to work when he crosses the ocean. 
Wages, habits of work, character of workmen, all is new and 
everything confounds him. Engineering, like the law, consists 
not so much in the application of abstract principles as of 
good precedents to a given problem. And the trouble with a 
foreign engineer is that his precedents are all wrong ; they can- 
not be applied here. Therefore for the real we' fare of our mines 
as well as for the dignity of our nation, it is necessary that we 
should have our own schools of mining science. 

It is evident that, in establishing schools in this country, 
care must be taken to restrict their number and to place them 
in well-chosen situations. It is well for America that experi- 
ence in Europe has demonstrated the needlessness of placing 
the school at the mine's mouth. Here it would be impossible 
to obtain in a small mining community the support required 
to maintain expensive professorships, collections, and libraries. 
Such an institution needs the nourishment only to be obtained 
from the innumerable rills of knowledge and wealth which 
flow into great cities. In Europe the professors are con- 
sidered as necessary to the development of the mines as the 
actual directors, and draw their pay from the mining depart- 
ment of the government ; the collections are filled by the con- 
stant contributions of the mines, and all specimens which are 
found belong to the schools, for profit or preservation ; the 
libraries are filled with works written by the professors and the 
directors of government establishments. But in America all 
these things must be paid for by school fees, yearly gifts, or 
endowments. It is far better to concentrate these supplies 
upon a few well-supported schools than to attempt a thousand 
diversions of the resources at hand, by adding a course on 
metallurgy or mining to each of the schools of technical 
science, or each of the colleges in the country. Indeed, such an 
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addition is far from making a mining school out of these in- 
stitutions. It is not merely that a school of this kind must 
have its lectures on mines, machines, metallurgy, mineralogy, 
geology, chemistry, and other subjects, but these must be made 
both generally complete and especially adapted to the engi- 
neer's wants. A school of mines is a great, complex, compre- 
hensive machine, requiring many men, who all work with one 
and the same end in view, — to fit the young engineer before 
them to grapple with a subject which has puzzled the wisest for 
centuries, and which is every day coming in closer union with 
all the other sciences, from meteorology to hygiene. 

The problem presented to us is to establish, upon the Ameri- 
can system of self-support, schools, with all their expensive pro- 
fessorships, collections, and libraries, which shall in every 
respect equal the foreign institutions. It is well for us that 
experience has proved great cities to be the proper seats for 
them. It is well for us that we start when science is older and 
the errors of our rivals have been exposed. 

At present there is but one fairly established school of this 
class in the country, — that in New York. Institutions which 
bear the name of schools of mines are also to be found in New 
Haven, Boston, Troy, Philadelphia, Ann Harbor, and many 
other places. But those where the instruction is general and 
complete, as at Cambridge or New Haven, lack the students 
necessary to form a living school, while the others have no 
claim to the title they have taken, except by virtue of a course 
of lectures on metallurgy or mining tacked on to their regular 
studies. The latter are no more schools of mines than is the 
Military Academy at West Point, where a course on metal- 
lurgy has been given for years. They lack, not only the pur- 
pose, the singleness of aim, the undivided attention to one 
absorbing subject without which a school of this kind has no 
life, but also the support necessary to carry on so expensive 
an institution. 

The position of our mining fields is another ruling considera- 
tion both in respect to number and position of our schools. In 
a country covered in every part by mines, any division into 
districts must be arbitrary. But by taking other elements 
into the problem, we shall find it not so difficult to point out 
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the limits of these fields, and the best position of the schools. 
These elements are distance, and what may be called the edu- 
cational spirit of the different regions. Thus it is plain at 
first sight that the Atlantic and Pacific are too far apart to be 
well brought within one boundary, and the same is true of the 
Lake Superior region, which is both distant and lacking in 
easy communication with the East. But are we to make one 
district north and another south of Mason and Dixon's line, 
one east and another west of the Alleghany Mountains ? Cer- 
tainly not. Great as is the mining industry over all this 
region, far surpassing that on the Pacific side, it is almost 
entirely divided between coal-mining and iron-working. The 
training of engineers for this business should by all means be 
concentrated in one school, which can also with ease look 
after the lead-works of the Mississippi Valley and the zinc 
and copper industries of Pennsylvania and the South. New 
York is the proper place for this school. It unites the quali- 
ties of wealth, literature, and science ; and by its position as 
the commercial centre of the country, a school there has the 
advantage of aid from innumerable sources. Its communica- 
tion with all the Atlantic and Mississippi Valley States is also 
perfect ; and as to cost of living, which is supposed to be so 
excessive in that city, a young man can study in New York, 
with all the high fees and cost of living, for the same sum that 
students spend in German country towns. 

There is nothing to prevent Lake Superior educating all its 
engineers in New York for years to come. It is now within 
forty-eight hours' travel of New York, and the peculiar neces- 
sities of its mines can be studied by men working in New 
York. But in the progress of the educational spirit which is 
sure to take place in America, the school in New York will be- 
come overcrowded. There is a limit to the number of men 
who can study the same subject in the same school with profit. 
Probably the largest class one professor can take thorough 
care of may be put at fifty scholars. For a three years' course, 
such as New York has, this gives a hundred and fifty regu- 
lar students as the maximum strength of a thoroughly effi- 
cient school of mines. Fifty engineers a year would be a small 
supply for this country, but even this is never attained. In- 
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struction in these schools, if well conducted, is severe, and it 
is a wonderful success to graduate more than twenty-five or 
thirty per cent of the students. Of those who do graduate, 
not more than one half go into the practice of their profession, 
the others turning off into various channels of business. 
When, therefore, the educational spirit rises sufficiently high to 
crowd the New York school, the best disposal of the overflow 
would be to an institution in the Lake Superior region, which 
could look after both the Lake region proper and the Missis- 
sippi Valley. But until that high-tide mark is reached in New 
York, and the educational spirit at the Lake has risen suffi- 
ciently, any school planted there would have but a cramped 
existence and a limited efficiency. 

As for the Pacific slope, the kind of mining and metallurgy 
carried on there, and which is confined almost entirely to gold, 
silver, and lead ores, and the individualism of the methods, as 
well as the remoteness, point to the necessity of a school in 
that part of the country. For this San Francisco is the 
proper place, as the centre of educational, scientific, and com- 
mercial forces on that side of the continent. The new Uni- 
versity of California is on the point of establishing such a 
school, and it will have certain important advantages over all 
others in this country. Though the mining interest of the 
Western States and Territories, with all their gold and silver, ia 
not to be compared to that of the Atlantic half of the con- 
tinent, yet the educational spirit of the people is much higher 
than anywhere else, as is shown by the eagerness with which 
they welcome the foundation of the new school, and by the 
lively expectation they have of important results from it. In 
the East only, scientific men have participated in similar feel- 
ings toward the New York school ; but in California and 
Nevada it is not merely the student of science, the mine 
owner, or the mine superintendent, but the average miner as 
well, who expects and desires great things from the institution, 
— a condition of affairs which probably results from the difficulty 
of working complicated gold and silver ores, the long struggle 
to find adequate means, and the feeling that the losses in 
operation are still far too large. 

The people of that region are, therefore, right in determin- 
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ing to have their own school, which shall make the peculiar 
needs of their mines its especial study, and shall also introduce 
the many remarkable innovations they have made, and which 
have never yet been adequately studied, in the metallurgy of 
gold and silver, to the knowledge of the world. The study of 
American metallurgy is one of the most important tasks our 
schools have before them. Our knowledge of metallurgical 
science is almost all drawn from European sources ; the travels 
of young engineers are made in Europe, and meanwhile our 
own metallurgy is neglected. It is true that it is behind the 
foreign methods in some respects, but it is in advance in 
others, and at all events no general advance can be expected 
until its present condition is understood and explained. But 
while thus giving peculiar and natural importance to their own 
mines, it is to be hoped that they will not neglect the study of 
general mining science ; that they will not fail to give their 
school a distinct active existence, to employ the best-informed 
and most scientific men, and to spare no pains to make it 
what New York has already become, one of the best schools in 
the world, — more scientific than Freiberg, more practical than 
Paris. 

The school in New York was founded in 1864. Its begin- 
ning was apparently not very promising, and yet its success 
was really assured from the first. Placed for the first year in 
three or four cellars of the Columbia College buildings, its ap- 
pointments were necessarily imperfect, and the difficulties in 
its way were very great. But in one respect its future looked 
bright. It was thought that the school would be considered fairly 
established, if twelve students presented themselves. The num- 
ber was twenty on the opening day, and before the year was out 
nearly fifty young men had joined. The next year a building 
for laboratories, collections, and lecture-rooms was ready, and 
the number of students was about ninety, increasing to one 
hundred and thirty the third year. Since the start, in 1864, 
more than three hundred young men have entered, some for 
the full course and some for special studies. This gives an 
average of fifty new pupils a year. 

The course of study is now divided into five parallel di- 
visions : mining engineering ; civil engineering ; metallurgy ; 
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geology, and natural history ; analytical and applied chemis- 
try. A student can pursue any one of these, and take the 
degree of Engineer of Mines, Civil Engineer, or Bachelor of 
Philosophy. The course of study occupies three years for the 
two former, and four years for the latter degree. There is also 
a preparatory year for those who desire to be well grounded in 
the necessary elementary studies. 

The construction of a school building, and the provision of 
apparatus, is very far from being all the work accomplished in 
the six years' life of this institution. The literature of the 
mining profession in the English language is very imperfect, 
and it was impossible to conduct the school in any other way 
than by lectures. These lectures, too, had to be very different 
from those delivered in German schools. There the professor 
delivers a loose, often rambling, often too dry, often too agree- 
able lecture, the object of which, in ordinary cases, is merely 
to point out to the pupil what direction he should give to his 
studies. He is expected to go home, and, with the lecture as 
his guide, to pore over his books, obtaining his real information 
from them. The cases where the lectures of the professor are 
expected to be the only or principal source of knowledge are 
comparatively 'rare. Here it is very different. The lectures 
are sometimes all the student has. They must, therefore, be very 
full in fact, but also well condensed in language, or the course 
would become interminable. This necessity is far from being 
a disadvantage. The lectures delivered in New York have all 
the value of original examinations into the sciences they dis- 
cuss, — which indeed they are. When they are published, as 
is to be hoped they will be in good time, the body of mining 
science as contained in American text-books will be very 
different from that possessed by any other country. 

I have spoken above of the immense labor required to carry 
on a mining school, and the heterogeneous character of its opera- 
tions. Of this the school under discussion is a good example. 
Where there was not a specimen, a crucible, or a furnace, six 
years have sufficed for the collection of seventy-five thousand 
specimens, illustrating geology, mineralogy, and metallurgy ; 
of models of furnaces, machines, crystals, geometrical sections ; 
of a library of three thousand volumes ; of laboratories for assay 
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and for chemical operations, which are larger and better than 
those of any other mining school in the world. The value of 
all these must be close on two hundred thousand dollars, and 
the work has been enormous. Nor can a good school be estab- 
lished with less labor or less expense. But the results are 
commensurately great. Among all the most famous schools 
in the world, there is not one so well supplied with apparatus, 
and not one where all the departments are carried on with the 
same equal care. Remarkable as it may seem, no school in 
Europe, unless that in St. Petersburg is to be excepted, can 
compare with this in the appointments either of its chemical 
or its assay laboratories. 

If the other schools which are to be founded in this country 
are established with equal care, fifty years will see a great 
change for the better in American mines. The enormous 
losses which are to-day experienced, even in the best conducted 
works, and the absurdities which are perpetrated in the name 
of mining, will pass away with the ignorance that causes them. 

John A. Chuech. 



Art. IV. — The Civil-Service Reform. 

Some forty years ago a President of the United States first 
avowed and acted upon the determination to make the use of 
governmental patronage a means of partisan control in public 
affairs and of party success in political strife. 

Prom that day to this the corrupting influence of such a use 
of the appointing power has been constantly widening, reaching 
out into new circles, until there is no backwoods hamlet so 
obscure that its moral atmosphere has escaped the contagion of 
the degrading hunt for place. Beginning with the purpose of 
moulding an independent Congress to the Executive will, the 
power of patronage was found to be too seductive, and no limits 
could be put to its use. The pettiest administrative places 
were brought into the pool from which the prizes were ap- 
portioned ; and when the last and least clerkship had been 
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